Interest rates in many advanced countries have reached zero lower bound and this has led to the widespread use of unconventional monetary policies after the global crisis. Hence, it has been more and more important to better understand the effects of these policies on major economic variables and the transmission mechanism through which they influence the economy. This study analyses the impact of quantitative easing (QE) policies on local currency government bond yield in emerging market (EM) economies in a heterogeneous panel setting. An Augmented Mean Group (AMG) estimator is used that allows for cross-sectional dependence and heterogeneous slopes. Model results show that government bond interest rates in EM economies are determined by country-specific factors such as central bank policy rate, inflation and budget deficit as well as external global factors such as US ten-year government bond yield and QE policies of advanced countries' central banks.
Introduction
In response to the global economic crisis of 2008-09, which is considered by many scholars the worst crisis since the Great Depression, the Federal Reserve (Fed) first employed the conventional interest rate tool of monetary policy and lowered the policy rate until it reached zero lower bound (ZLB). Upon reaching the ZLB, the Fed started to implement unconventional monetary policies. In particular, three rounds of quantitative easing (QE) programmes were conducted that included mainly the purchases of government securities and mortgage-backed securities. Other leading central banks also followed the Fed to carry out unconventional monetary policies in the post-crisis period and there has been a huge explosion of global liquidity.
Due to low growth and inflation outlook and policy rates at the zero lower bound for many advanced economies, unconventional monetary policies have been increasingly used in the post-crisis period and have become the new normal. Hence, it has been more and more important to understand the transmission mechanism of unconventional monetary policies and the spillover effects of these policies on both domestic and international economic indicators. This is one crucial reason that motivates us to conduct an empirical study on the spillovers of quantitative easing policies.
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There are several studies concerning the impact of unconventional monetary policies on major economic variables of the country where these policies are implemented. However, evidence on the international spillovers of these policies is still somewhat limited. More research is needed to shed light on international spillover effects of unconventional monetary policies and this is another motivation of the study.
Despite the growing size (from $1.3 trillion in 2000 to $7 trillion in 2015) and thus importance of Emerging Market (EM) local currency sovereign debt, there are only a few studies on the determinants of local EM government bond yield. We contribute to the literature by both modelling local government bond yields in EM economies and analysing the impact of QE on the yields. While other studies in the literature assume homogeneous slope coefficients and cross-sectional independence, we use an Augmented Mean Group (AMG) estimator that allows for slope heterogeneity and cross-sectional dependence. Since almost all of the real-world data contain slope heterogeneity and cross-sectional dependence, this method provides more consistent and unbiased results compared to others. In addition, it also gives country-specific slope coefficients. Analysing the heterogeneity of international spillovers of QE policies across countries is an important contribution of the study vis-a-vis existing studies.
In this study, we analyse the effect of QE policies implemented in the US on government bond yields of emerging market economies. The remainder of this study is organised as follows: In Section 2 we provide the related literature. Section 3 contains our data set and empirical methodology. Section 4 reports the model results, Section 5 includes a robustness analysis and Section 6 concludes.
Literature Review
The literature regarding the effects of quantitative easing policies on the economy has grown rapidly especially with the widespread implementation of these policies after the global economic crisis in 2008. There are various studies about the effects of QE both on financial markets and real sector variables. Many of the studies in the related literature focus on the impact of QE on long-term interest rates.
There are several studies concerning the effects of QE on both domestic and international long-term interest rates. However, those on domestic interest rates are more common. Among the studies related to the US, Gagnon et al. (2011) use event study methodology and find the effect of QE1 on 10-year government bond yield as 91 basis points (bps). Wright (2012) applies a Structural Vector Autoregression (SVAR) model and finds out that asset purchases in the US lower government bond yields but the effect dies out in a few months. D'Amico and King (2013) estimate the stock effect of bond purchases under QE1 as 30 bps on long-term bond yields and flow effects as 3.5 bps on the day of the purchase.
Looking at the studies that analyse the impact of QE in the UK, Joyce et al. (2011) find that asset purchases reduce long-term bond yields by 100 bps using several methods such as event study, portfolio balance and VAR models. According to Joyce and Tong (2012) , the effect of QE announcement on bond yield is up to 120 bps. Among studies that investigate the effects of asset purchases in the Euro Area, Szczerbowicz (2015) finds out by using event study methodology that ECB bond purchases reduced sovereign spreads and refinancing costs of banks. Eser and Schwaab (2016) analyse the impact of SMP on 5-year bond yield and find that the estimates vary from −1 to −2 bps for Italy to −17 to −21 bps for Greece per €1 billion bond purchase. From the studies concerning the impact of QE in Japan, Bernanke et al. (2004) estimate that QE in Japan lowers bond yield by 50 bps. Kimura and Small (2006) argue that the portfolio balance effect of QE is significant, while Oda and Ueda (2007) claim that the portfolio rebalancing effect is insignificant and the signaling effect is significant.
Studies related to international spillover effects of QE on long-term government bond yields are relatively rare. Among them, Bauer and Neely (2014) investigate the channels through which the Federal Reserve's asset purchases affect international bond yields. According to the model results, the signaling effect is strong for the US and Canada, while the portfolio balance channel is relatively more influential for Australia and Germany compared to the US and Canada. Neely (2015) investigates the announcement effects of QE1 implemented in the US on 10-year bond yields of major advanced economies. Accordingly, the impact ranges from 18 bps for Japan to 100 bps for the US. Bowman et al. (2015) apply a VAR model to investigate the announcement effects of US unconventional monetary policy and find that it reduces bond yields in EM economies. Fratzscher et al. (2016) analyse the effects of the Fed's QE1 and QE2 on 42 emerging and 21 advanced economies' financial markets. They find out that QE1 was effective in reducing sovereign bond yields and boosting equities globally. On the other hand, QE2 increased equities worldwide but had little impact on yields. Georgiadis and Gräb (2016) study the announcement impact of the ECB's extended asset purchase programme (EAPP) on global financial markets. Results imply that the announcement had a limited impact on bond prices and the effect is significant only for the Euro Area, Japan and emerging Asia. Tillmann (2016) proposes a Qual VAR model to study the effects of QE in the US on EM financial indicators and finds significant impact on exchange rates, bond and equity prices. The influence of QE1 on bond yields is limited compared to that of QE2 and QE3. Chen et al. (2016) put forward that international spillovers vary across countries and time. Effects on EM countries are larger than those on advanced countries. QE policies implemented by the US supported recovery in EM countries in 2009 and 2012, but also led to overheating in China, Brazil and some other EM countries in 2010 . Potjagailo (2017 analyses the spillover effects of ECB unconventional monetary policy by using a FAVAR model and finds that monetary policy expansion leads to higher production and lower uncertainty and short-term interest rates. The spillovers vary with country characteristics such as trade openness, financial integration and exchange rate regime. Horvath and Voslarova (2017) analyse the impact of the ECB's unconventional monetary policy using panel vector autoregressions. Model results imply that expansionary unconventional monetary policy shocks lead to a temporary increase in output and inflation in Central Europe.
Since we model domestic government bond interest rates of EM economies in this study, it is useful to provide a brief literature review on the determinants of government bond yields. Much of the earlier literature on the pricing of sovereign bonds in emerging market economies focus on the determinants of bond spreads relative to some "safe" bonds, most often US bonds. These are the bonds denominated in foreign currency. Uribe and Yue (2006) , Ebner (2009 ), Comelli (2012 and Csonto (2014) are among some of these studies. These studies in general find out that both country macroeconomic fundamentals and global factors such as ample liquidity and world interest rates affect bond spreads in EM economies.
Even though there are several studies on the determinants of sovereign bond spreads in emerging market economies, there is a scarcity of work on the drivers of domestically issued bond yields despite their growing importance. Peiris (2010) performs a panel analysis of 10 EM economies and estimates that the effect of a 1 percent increase in the fiscal balance to GDP ratio on bond yields is about 20 bps. Other significant determinants of bond yields include policy interest rates, foreign participation in domestic bond markets and inflationary expectations. Baldacci and Kumar (2010) use panel data for 31 advanced and emerging economies for 1980-2008 and find that higher budget deficits, debt and central bank rates increase sovereign bond yields. Jaramillo and Weber (2013) apply a panel threshold model to analyse the determinants of domestic sovereign bond yields. The results of the study imply that when global risk aversion is low, countryspecific fundamentals such as inflation and growth are the most important drivers of bond yield. On the other hand, when risk aversion is high, fiscal deficit and government debt take the center stage. Miyajima et al. (2015) show that central bank policy rates, GDP growth and fiscal balance are the most important determinants of local currency bond yields in EM economies.
Methodology and Data
Early literature on panel data ignored cross-sectional dependence of errors and assumed homogeneous slopes. Studies in this tradition typically used fixed and random effect estimators that perform an instrumental variable technique and the generalised method of moments (GMM) estimators. These models only allow the intercepts to vary across countries and impose a high degree of homogeneity that is not very realistic. One important contribution has been the introduction of first-generation panel time series estimators that allow for heterogeneity in the slope coefficients such as Mean Group (Pesaran and Smith, 1995) and Pooled Mean Group (Pesaran et al., 1999) . Although these estimators allow for heterogeneity, they are found to be inconsistent in the presence of cross-sectional dependence. Another significant contribution to the panel time series literature has been the development of estimators that are robust to both heterogeneity and cross-sectional dependence. These include Common Correlated Effects (Pesaran, 2006) and Augmented Mean Group (Eberhardt and Bond, 2009; Eberhardt and Teal, 2011) estimators.
In our study, we use monthly data that cover the period from 2006:1 to 2015:12 for 17 emerging market economies. The countries included in the study are: Brazil, China, Hungary, Colombia, Czech Republic, Indonesia, Mexico, Malaysia, Turkey, South Africa, Korea, Philippines, Poland, Thailand, India, Singapore and Taiwan. Data on industrial production and consumer price index are taken from the World Bank Global Economic Monitor database. Data on budget deficit, debt stock and current account deficit are taken from the World Economic Outlook Database. Domestic government bond yield, central bank policy interest rate, VIX Index, 10-year US government bond yield and quantitative easing variables are obtained from Bloomberg.
This section proceeds in four steps. First, we test for the presence of cross-sectional dependence in our data. Second, a panel unit root test is conducted to identify the nature of stationarity of the variables. Third, we test for slope heterogeneity. Fourth, an Augmented Mean Group (AMG) estimator is employed to model long-term domestic government bond yields in EM economies and analyse the impact of quantitative easing on long-term government bond yields.
Cross-sectional dependence
Cross-sectional dependence has become the rule rather than the exception due to strong interdependencies among countries resulting from globalisation and common shocks such as economic crises and oil shocks. First-generation estimators, panel unit root and cointegration tests that assume cross-sectional independence are inadequate and may lead to significant size distortions, misleading inference and inconsistent estimators in case cross-sectional dependence exists (Chudik and Pesaran, 2013) . Therefore, it is vital to test for cross-sectional dependence and use second-generation tests and estimators in case cross-sectional dependence exists.
A number of tests have been developed for cross-sectional dependence and we use two of them that are common in the literature. The first one is Pesaran's (2004) CD test. The CD test is applicable when the cross-sectional dimension (N) is larger than the time series dimension (T). The CD test statistic proposed in Pesaran (2004) is calculated as follows:
where ˆi j  is the sample estimate of the pairwise correlation of the residuals obtained by OLS. The second cross-sectional dependence test we employ is the bias-adjusted LM test developed by . This test is applicable when the number of crosssectional units (N) is small compared to the time dimension (T) and can be employed even when the CD test is inconsistent. It is calculated as:
Results of the CD and bias-adjusted LM tests are provided in Table 1 . Note: *, **, *** show significance at the 10%, 5% and 1% confidence level, respectively. The null hypothesis is no cross-sectional dependence for both tests. GIR denotes domestic government bond yield, CBI is central bank policy rate, INF is year-on-year headline inflation rate, IND is year-on-year growth of industrial production, CAD is current account deficit to GDP ratio, BDEF is budget deficit to GDP ratio and DEBT implies gross debt stock to GDP ratio.
Source: Author's calculations.
According to Table 1 , both tests reject the null hypothesis of cross-sectional independence at the 1 percent level for all series under consideration and imply that cross-sectional dependence exists. Therefore, we have to use second-generation unit root tests and estimators that take into consideration cross-sectional dependence.
Unit root test
We use a second-generation CIPS (Pesaran, 2007) 
In order to get the CIPS statistic, Equation 3 is converted into a first difference and individual ADF statistics (CADF i ) are calculated for cross-sections. We obtain the CIPS statistic as:
The null hypothesis of the test is the unit root and critical values are reported in Pesaran (2007) . Table 2 provides the results of the panel unit root test. Accordingly, government interest rate, central bank policy rate, inflation rate and growth of industrial production are stationary in their level form 1 . Budget deficit, public debt stock and current account deficit as percent of GDP are found to be I(1). However, since the data period we cover includes the global economic crisis of 2008-09, it is highly probable that there are structural breaks in the data. Therefore, we use a panel unit root KPSS test (PANKPSS) introduced by Carrion-i-Silvestre et al. (2005) , which allows for both cross-sectional dependence and structural breaks. Test results in Table 3 imply that budget deficit and current account deficit to GDP ratio are stationary. We use the Ng-Perron (2001) unit root test to investigate whether cross-sectionally invariant variables are stationary. The results show that the VIX index and bond purchases are stationary while the ten-year US government bond yield is I(1) and we use the first difference of the variable 2 .
Slope homogeneity test
Many empirical studies that use panel data assume homogeneous slopes and heterogeneity across units is confined to unit-specific intercepts. However, as Pesaran and Smith (1995) and many others point out, the assumption of slope homogeneity is usually inappropriate. Monte Carlo experiments show that the homogeneous slope estimators can be seriously biased and produce inconsistent and misleading results in the presence of slope heterogeneity (Chudik and Pesaran, 2015) . Therefore, it is vital to test for slope homogeneity and use estimators that are robust to slope heterogeneity in case slope homogeneity is rejected. In order to test for slope homogeneity, we employ the test introduced by , which allows for cross-sectional dependence. Table 4 provides the results of the slope homogeneity test. Accordingly, the null hypothesis of slope homogeneity is rejected. 
Interest rate model
Slope homogeneity and cross-sectional dependence tests imply that the series have cross-sectionally dependent errors and slope heterogeneity. Therefore, we use the Augmented Mean Group (AMG) estimator, which allows for cross-sectional dependence and slope heterogeneity 3 . Consider the following panel model:
2 Results are available upon request.
3
We also tried a Common Correlated Effects (CCE) estimator. Model results are more or less similar to those with the Augmented Mean Group (AMG) estimator. Bond and Eberhardt (2013) show that the AMG estimator performs similarly to the CCE estimator.
where
Where x it and y it are observables, β i is a country-specific slope parameter, u it implies unobservables and ε it is the error term. α 1i shows group fixed effects that capture timeinvariant heterogeneity. f t is an unobserved common factor with heterogeneous factor loadings λ i and captures cross-sectional dependence and time-variant heterogeneity. In our benchmark specification, the dependent variable y it is the 10-year local currency government bond yield of the related country. The explanatory variables x it are grouped in three sets: country-specific variables that affect government bond yield, common global variables that influence all of the countries, and quantitative easing variables.
According to the term structure of interest rates theory, long-term government bond yields consist of expected future short-term interest rates and a term premium. Central bank policy rate is one significant variable that affects both short-term interest rate and expected future short-term interest. Policy rate hikes increase long-term interest rates by bumping up current short-term rates and expectations of future short-term rates. Since we do not have enough information on expected policy rates, we use current central bank policy rate as a proxy. Inflation and economic growth are other crucial determinants of government bond yields. Higher inflation and growth rates tend to boost both short and long-term interest rates. Inflation is used to control for the Fisher effect and GDP growth is included to control for the cyclical position of the country. We use year-on-year change of consumer price index as inflation and year-on-year growth in industrial production as a proxy for economic activity. Current account balance to GDP ratio is used to control for external vulnerabilities and currency risk. As for fiscal variables, we use budget deficit to GDP ratio and gross public debt stock to GDP ratio. There is a broad body of literature that shows government interest rates and spreads going up as budget deficit and debt stock rises. In line with the literature, we use budget deficit to GDP ratio in its level form and debt stock to GDP ratio in its firstdifference form.
As for the common global variables, following previous studies including Comelli (2012) and Csonto (2014), we use the 10-year US government bond yield and the VIX index. The 10-year US bond yield is used as a measure of global liquidity conditions and reflects the international financing conditions and global financing costs. The 10-year US bond yield is expected to have a positive relationship with bond yields in EM economies. The VIX is an index that refers to average option-implied volatility on the S&P500 index and is used extensively as a measure of global uncertainty and risk appetite. It is expected to have a positive sign because a rise in risk aversion raises the yields demanded by investors to hold EM debt securities.
The literature shows that both announcements regarding quantitative easing programmes and actual purchases by the Federal Reserve (Fed) affected interest rates. Therefore, in order to investigate the effect of US quantitative easing on sovereign bond yields in EM economies, we include both actual bond purchases by the Federal Reserve in the related period in billions of dollars and dummy variables to analyse announcement effects. We build 3 different dummy variables for QE1, QE2 and QE3 so as to find announcement effects of the programmes separately. Dummy variables take the value one in months when the Fed announces or expands a QE programme. 
Empirical Results
Table 5 presents benchmark model results. We first estimate a parsimonious model (Column 1) where only country-specific explanatory variables are included. The results show that central bank rate, inflation and budget deficit are significant determinants of long-term domestic government bond yield in EM economies. Accordingly, a 1 percentage point rise in policy rate increases government bond interest rates by about 37 bps. A 1 percent deterioration in budget deficit to GDP ratio boosts government interest rates by 11 bps. Industrial production, current account deficit to GDP ratio and change in public debt stock to GDP ratio are not significant.
In the second model (Column 2) we also include global common variables (VIX index and 10-year US bond yield) in addition to country-specific variables. Results are similar to those of the first model. The VIX index is not significant and the impact of a 1 percentage point increase in 10-year US government bond yield on EM government interest rate is about 50 bps. This shows the importance of US government bond yield as a determinant of interest rates in emerging markets. The third model (Column 3) includes QE variables in addition to country-specific and global common variables. Results imply that bond purchases by the Federal Reserve are a significant determinant of EM government bond yield. According to the model, 100 billion dollars' worth of bond purchases lowers government bond yield in EM economies by about 20 bps on average. Announcements of QE programmes also lead to a fall of EM bond yields. However, only the announcements related to QE3 are found to be significant.
The results show that local government bond yields in EM economies are determined by country-specific variables, global common and QE variables. Both the significance and coefficients of the variables are similar to those of the previous studies. Central bank interest rates, inflation and budget deficit in the country are significant determinants of bond yield in line with Peiris (2010) , Baldacci and Kumar (2010) and Miyajima et al. (2015) . The 10-year US bond interest rate is a significant determinant similarly to Comelli (2012) and Csonto (2014) . Likewise, D'Amico and King (2013), Neely (2015) and Georgiadis and Gräb (2016) found that announcements about the QE programmes and actual bond purchases by the Fed affect EM government bond yields significantly. Note: ***, **, * show significance at the 1%, 5% and 10% confidence levels. Standard errors are reported in parentheses.
Source: Author's calculations. Table 6 below shows the impact of QE by countries. Results show that the effect of bond purchases is significant and highest for Indonesia, Brazil and South Africa. The announcement effect of QE3 on government bond yield is strongest for Turkey, Indonesia, Colombia and Brazil. The model takes into account the heterogeneity and the results vary across countries. Significance and coefficients of the variables vary among countries due to several factors such as trade openness, degree of financial integration, exchange rate regime, the country's economic structure and policy responses. For instance, countries that are more financially integrated with the United States are much more likely to be influenced by the QE policies of the Federal Reserve. A more detailed analysis may be implemented in another study. Source: Author's calculations.
Robustness Analysis
In this part, we test the sensitivity of our baseline model with several robustness exercises. First, instead of the bond purchases variable, we use an alternative QE variable that is the ratio of bond purchases in the related period to the total amount of bonds available. Column 1 in Table 7 presents the results and shows that the alternative QE variable is also a significant determinant of government bond yields in EM economies. Note: ***, ** and * show significance at the 1%, 5% and 10% confidence levels, respectively. Standard errors are reported in parentheses.
In the analysis, there exists one important complication. The US bond yield and the VIX index are influenced by QE policies. Hence, QE affects government bond yields in EM economies both directly and also through lower US bond yields and lower VIX.
As a result, quantitative easing variables in the model might not fully contain the effect of QE on EM government bond yield. If the coefficients of QE variables are significant, they give us a conservative estimate of the real effect of QE on EM bond yields. In order to address this problem, we first lag the VIX index and the 10-year US bond yield by one (Columns 2) and two (Column 3) periods and then we exclude them (Column 4). The main aim of this exercise is to check whether the coefficients of QE variables become larger and significance changes. However, these exercises do not have a significant effect and thus do not provide any evidence that QE variables do not fully capture the effect of QE on EM government bond yields. In addition to bond purchases, we can also analyse the impact of mortgage-backed security (MBS) purchases by the Fed. The first model in Table 8 (Column 1) implies that MBS purchases are not a significant determinant of EM interest rates. Another complication is that some of the explanatory variables in our analysis may be endogeneous. For instance, an increase in EM government bond yield may lead to a rise in central bank policy rate, inflation and budget deficit. To solve this problem, we employ lagged variables as an instrument for presumed endogeneous variables and current variables for presumed exogeneous variables 5 . The results of the model in Table 8 (Column 2) show that using one lag of endogeneous variables as an instrument does not have a considerable influence on model results. Using two lags of the endogeneous variables leads to only a limited rise in the coefficient of bond purchases variable and the announcement effect of QE3 (Table 8 , Column 3).
Conclusion
This study contributes to the literature by both modelling local government bond yields in emerging market economies and analysing the effect of US QE policies on EM government bond interest rates. Since we detect cross-sectional dependence and slope heterogeneity in the data, we use the Augmented Mean Group (AMG) estimator, which is robust to cross-sectional dependence and slope heterogeneity. The analysis of the heterogeneous nature of the international transmission mechanism of QE policies is a considerable contribution.
The analysis conducted shows that local government bond yields in EM economies are determined by country-specific variables, global common and QE variables. These findings are consistent with previous studies. More specifically, central bank interest rates, inflation and budget deficit in the country, 10-year US bond interest rate, announcements about the QE programmes and actual bond purchases by the Fed affect EM government bond yields significantly. The results are not homogeneous and vary by country. On average, among QE announcements only those regarding the QE3 programme are found to be a significant determinant of EM bond yields. According to the model results, MBS purchases in the US have no significant impact on EM bond yields.
The results of the study once again show the importance of global financial conditions and unconventional monetary policies implemented by the Fed for emerging market economies. We find that asset purchases by the Fed have international spillover effects and lower EM government bond yields. Future work in this area can analyse the probable declining marginal effectiveness of QE policies.
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Presumed endogeneous variables are central bank interest rate, inflation rate, growth rate of industrial production and budget deficit to GDP ratio. Presumed exogeneous variables are current account deficit to GDP ratio, change in debt stock to GDP ratio, VIX index, 10-year US bond yield and QE variables. Changing the set of endogeneous variables does not have an important effect on model results.
